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INTRODUCTION
The increasing demand for freshwater in the XX
century is attributed to population increase, industrial
development, and extension of irrigated agriculture.
Along with the problem of freshwater availability,
equally serious is the problem of its quality, which is
caused by technogenic impact on water resources. The
use of substandard water is a serious hazard to popula
tion health. Problems of depletion and quality deteri
oration of fresh water are typical of the majority of
world regions and characteristic of both developed and
developing countries in Asia and Africa, where they
are caused by climatic, demographic, economic, and
social factors [1, 19, 20].
Studies aimed at the assessment of global and
regional water availability, problems of freshwater
quality, and forecasts of its use in the future have been
a focus of many publications [2, 5, 8, 9, 12, 13, 15].
Under current conditions of intense economic
development of territories, accompanied by gradual
depletion and increasing pollution of fresh water, an
urgent problem is regional analysis of water availability
and the quality of fresh water. This paper gives the
results of analysis of the existing and anticipated
dynamics of freshwater use in the economy of the
Republic of Belarus.
FRESHWATER RESOURCES AND RESERVES
Climatic and geological–hydrogeological condi
tions of Belarus are favorable for the formation of
freshwater resources, their wide occurrence, and
replenishment of the extractable part of reserves
(Fig. 1). Belarus is situated in the climatic zone of
moderate moistening with mean annual precipitation
of 550–720 mm, which in dry years drops to 350 mm.
The mean annual precipitation onto the country’s ter
ritory is 155.4 km3, of which 119 evaporates and 36.4
km3 flows as river runoff. River water inflow from the
neighboring countries is 20.7 km3 per year. Thus, the
annual river runoff is 57.1 km3. The dynamic (flow)
reserves of phreatic waters are supposed to be compa
rable with the total annual river flow in dry season, so
they are estimated at about 56 million m3/day or
20.4 km3/year [7, 18].
Belarus has considerable groundwater resources:
fresh drinking (with salt content less than 1 g/dm3) and
mineral waters and underground brines with the con
centration of dissolved substances varying from 35 to
500 g/dm3. Groundwater quality is much higher than
that of surface water. That is why drinking water supply
in the country is based on the development of ground
water in the zone of active water exchange, the priority
use of which is determined by Cl. 5 of The Law of the
Republic of Belarus “On Drinking Water Supply” [4].
Freshwater that can be used for drinking occur ubiqui
tously down to 150–400 m and rarely deeper. How
ever, because of the lack of regionally continuous clay
aquicludes in waterbearing strata, such water can be
readily polluted from the surface in the areas with
imperfect economic development [16].
Hydrocarbonate and calcium dominate in the ionic
composition of fresh groundwater; an increase in min
eralization is accompanied by growth in sulfates, chlo
rine, and sodium.
The amount of groundwater and its possible use in
economy are determined by the notions of
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Fig. 1. Freshwater resources, reserves, and withdrawal volumes within administrative provinces of Belarus, km3/year. (1) Admin
istrative boundaries of provinces, (2) normal annual river runoff, (3) river runoff with 95% occurrence, (4) forecasted usable
resources, (5) natural groundwater resources, (6) explored usable resources, (7) freshwater intake.
“resources” and “reserves” (Fig. 1). The natural
resources of fresh groundwater, which characterize
groundwater recharge due to infiltration of atmo
spheric precipitation, river runoff absorption, and
leakage from other aquifers, vary from 15.9 to
20.5 km3/year in different years. Considering the
uneven distribution of precipitation over years, con
siderable errors in the assessment of evaporation losses
and transboundary groundwater runoff, Belarusian
hydrogeologists evaluate normal annual natural
resources of fresh groundwater at 15.9 km3/year
(43.56 million m3/day) [6, 7].
As of January 1, 2010, the expected useful fresh
groundwater resources in the Republic of Belarus were
18.1 km3/year or about 50 million m3/day, while the
useful groundwater resources of the 273 explored
deposits was estimated at 6.7 million m3/day [14]. The
majority of deposits (more than 60%) are small with
useful resources of 1–30 thousand m3/day. The devel
opment of fresh groundwater resources is based on the
use of individual wells (more than 30 000) and cluster
water intakes.
THE DYNAMICS OF FRESHWATER USE 
AND WATER CONSUMPTION PERSPECTIVES
The dynamics of water withdrawal from natural
sources in 1985–2009 shows a decrease in the rate of
water withdrawal from both surface and subsurface
sources since 1992 (Fig. 2). The decrease in water
withdrawal by 2009 amounted to 45% with the largest
drop (by 58% as compared with 1985) recorded in sur
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face water and a lesser drop (21%) in groundwater. By
the early 1990s, surface water dominated in the struc
ture of total water withdrawal (60%), while since the
late 1990s, 55 to 60% of water withdrawal was due to
groundwater.
The major portion of consumed fresh water (80–
70%) was used to meet the production and domestic
water needs, 13–28% were used in pond pisciculture
(this value tends to increase in recent years); the least
water consumption was in agriculture (8–13%) and
irrigation (0.3–2.4%).
The existing structure of water use and water with
drawal dynamics are determined by a number of fac
tors, primarily, the economic changes in the Republic
of Belarus as an independent state. The instability of
national economy under new geopolitical conditions
is a complicating factor in forecasting water consump
tion.
Analysis of the predicted characteristics of water
resources intake and use, given in the National Strat
egy of Sustainable Development of the Republic of
Belarus (NSSD), shows that a steady growth of water
withdrawal and use has been planned in the country
(Fig. 3) [10]. However, the actual characteristics of
water resources intake and use showed a gradual
decrease and have fallen far below (1.5–3 times) the
planned values (as of 2010).
Let us analyze the difference between the fore
casted and actual characteristics by studying the long
term dynamics of water use in different water con
sumption sectors. We will represent the actual volumes
of water consumption as a relative characteristic—
water consumption index, which characterizes varia
tions in the volumes of water use, and consider its
value against the background of dynamics of output
indices of industry and agriculture relative a base year,
which will be taken to be 1990, in the opinion of
experts, the most economically favorable year as com
pared with the subsequent period of existence of the
Republic of Belarus as an independent state.
The relationship between the decrease in water
consumption in the first half of the 1990s and the eco
nomic instability in Belarus is obvious. Water con
sumption abruptly dropped in 1991–1995 in industry
(by 42%) and in 1996–1997 in agriculture (a decrease
by 47 and 76% for agricultural needs and irrigation,
respectively). The rate of annual decrease in water
consumption varied from 1.5 to 17% and more
(Fig. 4). The subsequent increase in economic indices
has led to no increase in water consumption, but the
rate of its annual decrease became much slower (to 1–
2%). The causes of the decrease in water consumption
are as follows: unstable economy; changes in the wet
ness of production in some branches, including
because of watersaving processes; introduction of
water meters; reduction of the share of wet produc
tions in the industry; reduction of areas under crops;
deterioration of irrigation systems; new technologies
in the use of irrigated lands; and variations in meteo
rological conditions.
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Fig. 2. Water withdrawal: (1) from surface water bodies, (2) from aquifers; the use of water resources for the needs of (3) industry,
(4) household, (5) agriculture, (6) irrigation, (7) pond pisciculture.
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Water use in pond pisciculture showed a gradual
increase in recent 10 years because of an increase in
fish production.
In the period under consideration, water use for
domestic needs was gradually increasing until 2002,
seemingly because of the groundlessly low agency tar
iff for water use. Notwithstanding the steady decrease
in the population since 1994, the decrease in water
consumption started only after 2002 because of a
wider use of water consumption meters in housing
facilities. Water consumption in 2009 (501 million
m3/year) was 27% lower than that in 1990.
An important characteristic, which determines the
rate of water consumption, is water losses during its
transportation. In the long term, water losses varied
from 6 to 8% of the total amount of consumed water.
Up to 99% of water losses take place in the housing
and utilities infrastructure because of the high (up to
60%) wear of water supply networks.
The tendencies mentioned above allow us to make
a forecast of water consumption, taking into account
the perspectives of social and economic development
of the country.
According to the principles presented in NSSD of
the Republic of Belarus for period up to 2020, the agri
cultural and industrial production in the country will
increase 1.6–1.7 times relative to 2005. The plans
involve a decrease in the share of production of com
modities to 37–38% and an increase in the share of the
service industry, further reduction of agricultural lands
and a decrease in irrigation volumes. The natural
decline in population is expected to persist, resulting
in a decrease by almost 500000, which will not be
compensated for by immigration. At the same time,
energy and resourcesaving processes will be intro
duced ubiquitously to reduce unit water requirements
and processes with low or no water consumption will
be used [11].
Somewhat conventionally, we can anticipate a
decrease in water use by 2020 relative to 2009 by up to
20% in industrial production (290–300 million
m3/year); up to 10–15% in agriculture (90–100 mil
lion m3/year); 5–6 million m3/year for irrigation (near
the mean annual value); ±10–15% in pond piscicul
ture (320–370 million m3/year); 10% for domestic
consumption (440–460 million m3/year) (per capita
water consumption for domestic needs in 2009 was on
the average 145 L/day—the optimal value).
Thus, the future total water use can be expected to
be 10–15% less than that in 2009 or 1100–1200 mil
lion m3.
With allowance made for transportation losses, sur
face water withdrawal can be about 1% of river runoff
resources or 1.4% with 95% occurrence. Groundwater
withdrawal will require the involvement of 31% of
explored usable resources (by categories A+B as of
January 1, 2010) and will not exceed 5% of predicted
usable resources.
CURRENT STATE AND FORECASTED 
FRESHWATER QUALITY
Water used for water supply must meet quality
requirements ruling out any human health hazard.
The physiographic and geological–hydrogeologi
cal conditions in Belarus determine the formation
groundwater with higher iron (>0.3 mg/dm3) and
manganese (>0.1 mg/dm3) and a deficiency (below
physiologically optimal level) of fluorine and iodine.
Salt water is drawn to limited in area discharge zones
of deep mineralized waters confined to regional faults
and saltdome structures in the Pripyat depression.
The result is water with mineralization of up to 4000–
6000 mg/dm3 and chloride sodium composition.
Wastewaters are among the major factors of pollu
tion of water bodies in Belarus (more than 90% of
wastewater is discharged in streams). In 1990–2009,
wastewater discharge into surface water bodies
decreased by 51%. At the same time, the input of pol
luted wastewaters dropped by 97% and their share in
all categories of wastewaters discharged into water
bodies (2005–2009) varied from 0.8 to 0.3%.
In 2009, wastewaters contained the following pol
lutants (thous. t): chlorides (73) and sulfates (63)—
dominating; suspended (12) and organic (8) sub
stances; ammonium (6), nitrate (3.7), and nitrite (0.2)
nitrogen; and phosphate phosphorus (1.1). Wastewa
ters were rich in oil products (130 t), metals (copper,
iron, zinc, nickel, chromium—up to 420 t), and sur
factants (150 t) [14]. Meanwhile, some decrease in
pollutants in wastewater was recorded in 1992–1995,
while their concentrations in subsequent years either
increased or decreased.
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Fig. 3. NSSDplanned and actual characteristics of water
withdrawal ((1) planned, (2) actual) and use ((3) planned,
(4) actual).
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In the sectoral structure of wastewater disposal,
more than 60% of wastewater is due to municipal
economy and domestic services, which account for
70% or more of pollutantcontaining wastewaters. The
largest volumes of agricultural wastewaters are due to
pond pisciculture; their share in the sectoral structure
of wastewater disposal increased from 12 to 25% in
2000–2009. In the industrial production, the largest
amount of pollutants is discharged with wastewaters
from enterprises of chemical and petrochemical
industries (Polimir, Khimvolokno, Mozyrskii refinery,
etc.). At the same time, the share of industrial waste
water in the total structure of its disposal decreased
from 27 (2000) to 15% (2009) [14].
Clearly, the reduction of wastewater disposal has
not led to a considerable decrease in pollutants it con
tains. The rivers flowing over Belarus territory have not
enough water resources for diluting wastewaters to the
pollution level admissible for fishery and domestic
water use. The dynamics of pollutant concentrations
(phosphate phosphorus; ammonium, nitrate, and
nitrite nitrogen; oil products) in wastewaters suggests
that they do not tend to decrease in river water. Con
versely, some concentrations show manyyear and sea
sonal variations with not only decrease but also con
siderable increase (table).
The improvement of water quality requires the use
of processes aimed to reduce or cease wastewater dis
charge as well as taking measures to improve wastewa
ter treatment and final purification of wastewaters.
Otherwise, river water quality will remain poor.
Intense groundwater pollution takes place under
the effect of agriculture. The intensification of agricul
tural production against the conditions of world eco
nomic and food crisis will inevitably require increased
application of mineral and organic fertilizers, while an
increase in livestock and poultry populations will lead
to greater volumes of farm wastewaters and heavier
groundwater pollution by nitrates, nitrites, ammo
nium nitrogen, chlorides, and sulfates). Nowadays,
more than 70% of wells are polluted by nitrates. The
quality of water in the wells, used by the majority of
rural population, will remain poor unless special mea
sures are taken to improve the sanitary state of rural
populated localities.
The problem of sanitaryengineering state of water
intakes and the nearby territories is still to be solved, so
the concentrations of ammonium nitrogen, nitrates,
as well as pH and permanganate oxidability are in
excess of MAC in some water intakes. For example, in
Minsk City and Minsk province, higher concentra
tions of nitrates in groundwater in some water intakes
vary from 43 to 80 mg/dm3. The concentration of
ammonium nitrogen in water intakes of Gomel City
vary from 3 to 6 mg/dm3, which is 1.5–3 times above
the MAC [14].
The problem of groundwater quality is still urgent
in the development areas of mineral resources deposits
and in the zones where industrial wastes are accumu
lated. Largescale groundwater pollution has been
taking place for more than 30 years in the development
areas of oil fields in Pripyat depression. The pollutants
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Fig. 4. Dynamics of output indices (in (1) industry and (2) agriculture) and water consumption (in (3) industry, (4) agriculture,
(5) fish pisciculture, and (6) irrigation in percent by 1990.
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in this case are surfactants, oil, and highmineralized
brines. The penetration depth of pollutants is several
tens of meters. Moreover, land degradation is taking
place under the effect of waste drilling mud and drill
ing cuttings, land surface is subsiding, and processes of
swamping, underflooding, and inundation are in
progress [17].
An intense impact on groundwater can be seen in
the waste storage areas of Belarus’kalii, Gomel’skii
khimicheskii zavod (Gomel Chemical Works), and
other plants. In their storage areas, the solid and liquid
wastes that result from production processes are sub
ject to weathering, leading to migration of chemical
compounds and their input into groundwater.
Groundwater salinization takes place with an increase
in water mineralization and its content of chlorides,
sulfates, nitrates, ammonium nitrogen, heavy metals,
oil products, etc. For example, in the territory of the
Gomel Chemical Works, of greatest importance are
phosphogypsum dumps, which have started forming
more than 40 years ago and now have an area of 90 ha.
In the subsoil and submorain aquifers, the concentra
tions of sulfates, phosphate phosphorus, and fluorides
increase to 20 000 mg/dm3 and more (tens and hun
dreds times greater than the MAC) [3].
The forecast of groundwater quality in terms of
radionuclide pollution in Gomel province, which suf
fered most because of Chernobyl accident, is favorable
enough. Radionuclide groundwater pollution above
levels admissible for drinking water is practically
impossible. A probability of groundwater pollution by
90Sr exists only in areas where soils are heavily polluted
by this radionuclide. At the same time, 90Sr concentra
tion in waters of rivers with watersheds fully or partially
lying within the 30km restricted zone around the
Chernobyl NPP (the Nizhnyaya Braginka and Nes
vich rivers) increase 2–6 times above the level admis
sible for drinking water (0.37 Bq/dm3 for 90Sr) [14].
Priority methods of drinking water treatment in
Belarus are deferrization and chlorination. The former
method is in use almost all over the country’s territory
because of the predominance of groundwater with
higher iron content. Notwithstanding the commis
sioning of many treatment facilities of this type, their
further construction is still required. The construction
of such stations is most urgent in rural areas, where
more than 770 such facilities are to be constructed.
Drinking water chlorination is mostly used in large cit
ies for biological treatment of drinking water. On the
other hand, the application of this method causes the
formation of organochlorine compounds in water,
creating human health risks. Therefore, new water
treatment methods are to be sought for. Other meth
ods of water treatment used in Belarus are ozonation,
fluorination, and iodination, which are in use for bot
tled water.
CONCLUSIONS
Freshwater resources in Belarus meet the current
and anticipated water demands of the country’s econ
omy.
The major problems in water supply are due to
freshwater quality both now and in the future. No ten
dency toward considerable improvement of freshwater
quality is currently observed.
The anticipated sustainable use of groundwater and
surface water resources requires the improvement of
water use technologies. The solution of the problem of
providing the country’s economy with water meeting
regulatory standards can include the following steps:
water intake wells should be cased by plastic rather
than metal pipes and screens (as it is the case in Ger
many, the Netherlands, and other European coun
tries);
wastes from farms and fields in the sanitary zone of
cluster water intakes should be controlled, and uncon
trolled landfills should be eliminated;
the use of agricultural lands should be forbidden
within the zone of strict protection of water intakes in
operation;
the application volumes of animal wastes in agri
cultural fields should be reduced, and land plowing
should be limited;
Limits of MAC excess for some pollutants in river water
River
Ammonium nitrogen, 
MAC = 0.39 mg/dm3
Nitrite nitrogen, 
MAC = 0.024 mg/dm3
Phosphate phosphorus, 
MAC = 0.066 mg/dm3
2007 2008 2009 2007 2008 2009 2007 2008 2009 
Zapadnaya Dvina 0.05–2.3 0.1–2.5 0.2–2.2 0.0–3.3 0.0–1.8 0.0–2.9 0.0–1.0 0.06–1.1 0.1–1.2
Neman 0.2–1.6 0.2–1.6 0.05–6.3 0.2–2.8 0.0–2.1 0.2–2.3 0.1–2.1 0.1–1.6 0.1–1.3
Zapadnyi Bug 0.4–2.3 0.4–2.0 0.3–1.9 0.5–4.8 0.5–4.5 0.3–4.3 1.4–6.7 1.4–7.6 0.15–12.6
Dnieper 0.1–3.2 0.15–4.2 0.05–5.0 0.0–3.8 0.0–2.5 0.0–3.3 0.2–6.3 0.3–9.3 0.2–6.2
Sozh 0.2–2.9 0.05–2.9 0.2–5.1 0.1–3.5 0.0–2.8 0.1–1.5 0.2–2.6 0.1–5.1 0.1–2.3
Berezina 0.1–14.6 0.4–6.5 0.6–5.0 0.3–5.5 0.2–3.5 0.3–5.0 0.8–11 0.8–5.2 0.1–5.0
Pripyat 0.2–6.4 0.3–6.2 0.2–2.5 0.1–3.0 0.2–5.0 0.2–3.0 0.1–3.5 0.2–3.8 0.1–2.3
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regular geoecological examinations should be car
ried out in water intakes of enterprises, because
groundwater pollution is most common at such water
intakes;
systems of centralized water supply with the use of
groundwater should be constructed in populated
localities with high anthropogenic load on water bod
ies and low quality of water currently used.
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